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ABSTRACT 
 
 
Water mist heads are used in close areas to provide direct and constant mists of water 
for rapid cooling, watering plant, and fire extinguisher.  Majority of the water mist’s 
types in the market has certain problem such as need high pressure and high water 
volume. Thus, the main aim of this study is to determine the best design of the water 
mist head. From literature review, the author identifies two parameters as a major 
concerned, i.e. pressure and flow rate. Three water mist’s head prototypes have been 
produced using RP machine. Then, the experimental works have been conducted with 
six test configurations, combination of three pressures and three diameters, to determine 
the mist patterns. For water pressure, the analysis is on 1.4, 1.8 and 2.2 kgforce and for 
diameter used in range 0.5, 1.0 and 1.5mm. The measured variables are the length of 
mist spread out from the nozzle. The result show that the optimum design is for the case 
7.5mm at pressure 1.8bar and diameter 1.5mm for nozzle with designed internal flow 
and 20mm at pressure 2.2bar and diameter 1.0mm for nozzle with normal internal flow. 
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ABSTRAK 
 
 
Kepala kabus air digunakan di kawasan kecil untuk menyediakan secara langsung dan 
terus menerus semburan air untuk penyejukan pantas, loji menyiram, dan alat pemadam 
api. Majoriti jenis kabus air di pasaran mempunyai masalah tertentu seperti perlu 
tekanan tinggi dan isipadu air yang tinggi. Oleh itu, matlamat utama kajian ini adalah 
untuk menentukan reka bentuk yang terbaik kepala kabut air. Daripada kajian yang 
telah dibuat, penulis mengenal pasti dua parameter seperti memerlukan tekanan aliran 
air yang tinggi dan kadar aliran air. Tiga prototaip kepala kabus air telah dihasilkan 
menggunakan mesin RP. Kemudian, kerja-kerja eksperimen telah dijalankan dengan 
enam konfigurasi ujian, gabungan tiga tekanan dan tiga diameter, untuk menentukan 
corak kabus. Untuk tekanan air, analisis pada 1.4, 1.8 dan 2.2bar dan bagi diameter 
digunakan dalam julat 0.5, 1.0 dan 1.5mm. Pembolehubah yang diukur adalah kelebaran 
kabus tersebar keluar dari muncung. Hasilnya menunjukkan bahawa reka bentuk 
optimum adalah untuk 7.5mm kes di 1.8bar tekanan dan diameter 1.5mm untuk 
muncung dengan aliran dalaman yang direka dan 20mm pada 2.2bar tekanan dan 
1.0mm diameter muncung dengan aliran dalaman yang normal. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
Advancement of engineering field urged researchers to do more research on 
some product such as water mist’s sprayer head following major trend in modern 
science and technology which is miniaturization industries. This research is about 
reverse engineering project is intended to reproduce better type of internal water flow 
configuration for water mist’s sprayer head component. At the end of research, it will 
come out the data of the results and a finish product. 
 
Water is the most natural of substances, has taken on a new form as a highly 
efficient ultrafine spray called Water Mist. Water Mist has the unique in ability to 
deliver water as a fine atomized mist. This mist is quickly converted to steam that 
smothers the fire and prevents further oxygen from reaching it. At the same time, the 
evaporation creates a significant cooling effect of combustion gases and blocks the 
transfer of radiant heat. In this way, Water Mist combines the fire suppression 
properties of both conventional water-based deluge or sprinkler systems and gaseous 
fire suppression systems.  As a result of extensive research and development, Water 
Mist has been demonstrated to be a suitable Halon gas 1301 replacement for many 
commercial and industrial applications. Beside that sprinkler system has been widely 
used so far in pharmaceutical, chemical, food, and cosmetic industries.  
 
There are several things that can affect water convert to mists. Pressure is one 
variable that affect in production of fine mist. However, it is not available for large scale 
production and the spray drying apparatus is cumbersome. To get high speed of water 
flow in the tube, we need to increase the pressure. If get the high pressure, it easy to 
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convert water to mist. The sizes of mists and dried particles usually become large when 
high pressure nozzles are used. 
The nozzles are not suitable for spraying a suspension because of abrasion. The finest 
mists will produce.  
 
Second variable is size of hole in the nozzle. From this part we need to decrease 
the volume of water. So we need to decrease the hole size. Although there are some 
kinds of nozzles blowing off fine droplets of 10-50 µm in diameter for laboratory scale, 
there are few of those for industrial scale. The droplet size prepared by an ordinary 
industrial nozzle is usually ca. 10²-10³ µm in diameter. It is much too large, compared to 
that described above.  
 
On the other hand, the spray dryer particles produced on a laboratory scale are 
amorphous, while those in the industrial scale are sometimes crystalline. The difference 
in the crystallinity is due to the difference in the initial droplet size and subsequent 
drying rate. Development of a nozzle for blowing off fine droplets in the industrial scale 
has been expected until now. We are now proposing a new type of a spraying nozzle 
which enables to eject large quantities of liquid but to obtain homogeneous fine mist 
with a low ratio of air/liquid and without formation of sludge on the nozzle surface. We 
also propose a new type of a spray-drier which could supply fine plastic by equipping 
the new nozzle developed in the present study. 
 
1.2 PROBLEM STATEMENT 
 
Currently, majority of the users using the water mist’s system that currently sold 
in the market. Water mist’s system that currently sold in the market has certain problem 
such as need high pressure and high water volume. Thus, we need to reproduce a better 
type of internal water flow configuration for water mist’s sprayer head component. We 
need to reproduce less pressure and less water volume used. This reduces losses in 
profits and following the principles of ergonomics. Conventionally, the industrial will 
produce more type of water mist’s sprayer head component. For example, flat spray, 
hollow cone, solid cone and air atomizing. These types of nozzle just have different 
shapes. This type also have different in pressure, but still using a high pressure. Further 
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research has to be done in this field to minimize the variable are used to convert water 
to mist. 
 
1.3 SIGNIFICANCE OF STUDY  
 
After achieving the objectives, the manufacturing industry will have an 
alternative method in saving the cost of production and increasing the rate of 
production. By determining the variables of fluids coefficient, the industrial could use 
the method to control the pressure and volume in water mist’s system. Industrial also 
can reproduce better water mist’s system. In currently water mist’s sprayer head, they 
used high pressure of water. It is to get high speed of water through the sprayer head. 
With high pressure, it gets high velocity than easy to convert water to mist. Secondly, 
they used high volume of water. It is because they using big hole size of the sprayer 
head. Thus, a further study is needed in order to accomplish the vision and within given 
the limitation. Some of the research question that has been proposed through this paper 
is method to determine the effect of pressure and hole size in water mist’s system. 
 
1.4 RESEARCH OBJECTIVE  
 
 The main aim of this project is to determine the best water sprayer head design 
to produce high volume eater mist at optimum setting. To achieve these objectives, 
several important research activities have been planned as listed below; 
 
i. To design and produce a sprayer nozzle for water mist system. 
ii. To produce test rig for sprayer nozzle test. 
iii. To run experiment on the sprayer nozzles at the selected test condition. 
iv. To establish relation between different process configuration on mist 
development. 
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1.5 RESEARCH SCOPES 
 
For the main purpose of this research, the following scopes are developed: 
 
i. To reproduce a better type of sprayer head of a water mist system using with 
low volume and pressure. 
ii. To know what is reverse engineering, finite element analysis and rapid 
prototyping. 
iii. To know the simulation of finite element analysis of the current design and 
develop the new internal. 
iv. Identify all the known factor has important effect on mist development. 
v. All of the initial literature reviews and simulation output will be summarized 
in report.  
 
 
 
 
 
CHAPTER 2 
 
 
LITERATURE REVIEWS 
 
 
2.1 INTRODUCTION 
 
A converging focused literature review within a related field or interest of 
research is one of the most essential activities in the procedure of completing a research. 
In order to produce a productive literature review, it is recommended to include the 
historical perspective, selected heat transfer mechanism with understanding 
classification of fluid flow which the research paper concerns more on internal forced 
convection for inserted tape in a tube with turbulent flow. Also, review on previous 
studies related within the scope as additional guidance for the research paper also its 
application from engineering perspective. Besides that, discussion of some information 
on the technology and equipment that used for this study case such as CAD software, 
FEM software and Turning and Drilling machine are included. By considering the 
related engineering parameters used in through this research paper, relationships 
between the parameter are also discussed. Not only elaborate on the parameters, it 
covers the relationship on the parameters before meets the conclusion for this chapter. 
Hence, this chapter acts as a platform of reviews to support and define each action 
performed during the experiment being held. 
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2.2 CLASSIFICATION OF FLUID FLOW 
 
Fluid flow can be very smooth, calm, and regular, but generally the flow of a 
fluid is not so disciplined, it becomes a vagabond and starts flowing in random patterns. 
 
While studying the motion of a rigid body we do not have to bother about the 
relative motion of the particles of the rigid body as they are very firmly fixed to each 
other and move as a whole. But for the study of the motion of fluids, things are not so 
simple because the fluid particles are attached with each other with very weak forces. 
There are various relative motions and a lot of possibilities for relative motion between 
the fluid particles. Since convection heat transfer have closed bond with fluid 
mechanics, the science that deals with the behaviour of fluids at rest or in motion, there 
is a wide variety of fluid problems encountered in our daily practice. As a convenient 
way, they are classified to certain basis of common characteristics to make it easy to be 
study. 
 
Some smooth layers of fluid and orderly flows are known as laminar while 
others flow which is highly disordered flows occurs at high velocities is called 
turbulent. A flow that contains overlapping laminar and turbulent flows is known as 
transitional. The required power for pumping the flow does influence by the flow 
regime. The characteristics that are concern most in this research is internal forced flow 
with turbulence characteristics. 
 
2.2.1 Laminar Flow 
 
When highly viscous fluids such as oils flow in small diameter tubes or narrow 
passages, laminar flow is encountered. Although, laminar region is not the case in 
practice since most pipe flows encountered in practice are turbulent. Under most 
practical conditions, the flow in a tube is laminar for Re < 2300 where Reynolds 
number could relate between the average velocity of the flow and the flow¡¦s properties. 
Deeper discussion regarding Reynolds number could be found in section 2.8.2 from the 
same chapter. 
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(Edwards et al., 1997) determined the average Nusselt number in thermal 
entrance region for a circular tube of length, L subjected to constant surface temperature 
is stated as follows; 
 
         
      (
 
 
)    
      *(
 
 
)    +
 
 
                                    (2.1) 
 
The relation assumes that the flow is hydro dynamically developed when the 
fluid enters the heating section, but it can also be used approximately for flow 
developing hydro dynamically. 
 
2.2.2 Turbulent Flow 
 
As the flow speed of the otherwise calm layers increases, these smoothly 
moving layers start moving randomly, and with further increase in flow velocity, the 
flow of fluid particles becomes completely random and no such laminar layers exist 
anymore. Shear stresses in the Turbulent Flow are more than those in Laminar Flow. A 
dimensionless parameter, Reynolds Number, is defined as the ratio of inertial and 
viscous force to characterize these two types of flow patterns. With increase in flow 
velocity the initial forces increase so the Reynolds Number. 
 
Since the analysis of turbulent flow conditions is a good deal more involved, 
greater emphasis is placed on determining empirical correlations. For fully developed 
turbulent flow in smooth tubes, Dittus-Boelter equation (Dittus and Boelter, 1930) 
shown in below; 
 
                 ,                     
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Another equation that improved from Dittus-Boelter equation is Gnielinski 
equation (Gnielinski, 1976) as follows; 
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Where the friction factor, f can be determine using Fanning friction factor. 
 
  (              )                                 (2.4) 
  
2.3 FLUID PROPERTIES 
 
The mass dependent properties of a system are called extensive properties and 
the others, intensive properties. Density is mass per unit‟s volume, and specific volume 
is volume per unit mass (Cengel Y.A., 2006). The specific gravity is define as the ratio 
of the density of a substance to the density of water at 4°C, 
 
   
 
    
                                                 (2.5) 
 
The ideal gas equation of state is expressed as, 
 
                                                    (2.6) 
 
Where P is the absolute pressure, T is the thermodynamic temperature, ρ is the 
density, and R is the gas constant. 
 
At a given temperature, the pressure at which a pure substance changes phase is 
called the saturation pressure. For phase change processes between the liquid and vapor 
phases of a pure substance, the saturation pressure is commonly called the vapor 
pressure, Pᵥ. Vapor bubbles that form in the low pressure regions in a liquid, cavitation 
collapse as they are swept away from the low pressure regions, generating highly 
destructive, extremely high pressure waves. 
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Energy can exist in numerous forms, and their sum constitutes the total energy E 
of a system. The sum of all microscopic forms of energy is called the internal energy U 
of a system. The energy that a system possesses as a result of its motion to some 
reference frame called kinetic energy expressed per unit mass as      ⁄ , and the 
energy that a system possesses as a result of its elevation in a gravitational field is called 
potential energy expressed per unit mass as     . 
 
The compressibility effects in a fluid are represented by the coefficient of 
compressibility, K defines as: 
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                          (2.7) 
 
The property that represents the variation of the density of a fluid with 
temperature at constant is the volume expansion coefficient β, defined as: 
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                           (2.8) 
 
The viscosity of a fluid is a measure of its resistance to deformation. The 
tangential force per unit area is called shear stress and is expressed for simple shear 
flow between plates as: 
 
   
  
  
                                                (2.9) 
 
Where µ is the coefficient of viscosity or the dynamic viscosity of the fluid, u is 
the velocity component in the flow direction, and y is the direction normal to the flow 
direction. The fluids that obey this linear relationship are called Newtonian fluids. The 
ratio of dynamic viscosity to density is called the kinematic viscosity v (Cengel Y.A., 
2006). 
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The pulling effect on the liquid molecules at an interface cause by the attractive 
force of molecules per unit length is called surface tension  . The excess pressure ∆P 
inside a spherical droplet or bubble is given by: 
 
                
   
 
                                     (2.10) 
And 
               
   
 
                                     (2.11) 
 
Where    and    are the pressure inside and outside the droplet or bubble. The 
rise or fall of a liquid in small diameter tube inserted into the liquid due to surface 
tension is called the capillary effect. The capillary rise or drop is given by: 
 
  
   
   
                                               (2.12) 
 
Where   is the contact angle. The capillary rise is inversely proportional to the radius of 
the tube and is negligible for tubes whose diameter is larger than about 1cm. 
 Density and viscosity are two of the most fundamental properties of fluids. 
 
2.4 PRESSURE 
 
Pressure is defined as a normal force exerted by a fluid per unit area. We speak 
of pressure only when we deal with a gas or a liquid. The counterpart of pressure in 
solids is normal stress. Since pressure is defined as force per unit area, it has the unit of 
newtons per square meter (   ⁄ ) which is called a Pascal(  ) (Cengel Y.A., 2006). 
That is: 
 
        ⁄                                        (2.13) 
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The pressure unit Pascal is too small for pressure encountered in practice. 
Therefore, its multiples kilopascal (          ) and megapascal (     
     ) are commonly used. Three other pressure units commonly used in practice: 
 
                                     
                                                
       ⁄           ⁄              ⁄              
                                               
                                               
 
The actual pressure at a given position is called the absolute pressure, and it is 
measured relative to absolute vacuum. Most pressure measuring devices, however, are 
calibrated to read zero in the atmosphere and so they indicate the difference between the 
absolute pressure and the local atmospheric pressure. This difference is called gage 
pressure. Pressures below atmospheric pressure are called vacuum pressures and are 
measured by vacuum gages that indicate the difference between atmospheric pressure 
and the absolute pressure (Cengel Y.A., 2006). Absolute, gage, and vacuum pressures 
are still positive quantities and are related to each other by: 
 
                                                        (2.14) 
                                                       (2.15) 
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Figure 2.1: Absolute, gage, and vacuum pressures. 
 
Source: (Cengel, 2006) 
 
2.5 EXTINGUISHING MECHANISMS 
 
Water has favorable physical properties for fire suppression. Its high heat 
capacity (4.2 J/g•K) and high latent heat of vaporization (2442 J/g) can absorb a 
significant quantity of heat from flames and fuels. Water also expands 1700 times when 
it evaporates to steam, which results in the dilution of the surrounding oxygen and fuel 
vapors. With the formation of fine droplets, the effectiveness of water in fire 
suppression is further increased due to the significant increase in the surface area of 
water that is available for heat absorption and evaporation (CHEMETRON, 2000). Such 
an increase in the surface area of water is shown in Table 1 for a given volume of water 
(0.001 m3). 
 
 
 
